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(54) MANUFACTURE OF SEMICONDUCTOR DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To optimize the 
concentration profije of halogen elements of a gate 
insulating film or a substrate. 

SOLUTION: This is the manufacturing method of a 
semiconductor device which has a gate electrode 54 
made via a gate insulating film 53 on a first conductivity 
semiconductor substrate 51 and second conductivity 
diffused layer 55 made in the regions corresponding to 
both ends of this gate electrode and to serve as a 
source and a drain. At this time, this manufacturing 
method has a process of forming an insulating film 56 
containing halogen elements at the flank, at least of the 
gate electrode and a process of introducing the halogen 
elements contained in this insulating film into the 
surface region of the gate insulating film and the 
semiconductor substrate through heat treatment. 
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Paragraphs [0024] to [0069] 

Mode for Carrying Out the Invention The embodiments of the 
present invention will now be explained in the following. 
Embodiment 1 Fig. 1 is view showing the cross-sectional 
constitution of the MIS transistor relating to a first 
embodiment. Numeral 51 is a p-type silicon substrate, numeral 
52 is an isolation region, numeral 53 is a fluorine-containing 
gate insulating film, numeral 54 is a gate electrode composed 
of polycrystalline silicon and numeral 55 is diffusion layers 
(source/drain regions) into which an n-type impurity is 
introduced. Numeral 56 is a fluorine-containing insulating 
film (for example, a CVD silicon oxide film) formed around the 
sidewalls of gate electrode 54, and from this insulating film 
56, fluorine atoms are introduced into gate insulating film 53 
by thermal diffusion. Accordingly, in gate insulating film 53 
and silicon substrate 51 in the neighborhood of the interface 
of gate insulating film 53, more halogen elements are introduced 
into the region corresponding to the neighborhood of the end 
portion of gate electrode 54 than into the region corresponding 
to the neighborhood of the central portion of gate electrode 
54. Numeral 57 is an interlaminar insulating film (a CVD 
silicon oxide film or the like) and through contact holes 
provided in this interlaminar layer 57, gate electrodes 54 and 
source/drain regions 55 are connected to Al wiring 58. 

Next, by reference to Fig. 2, a first method for 
manufacturing an MOS transistor having a structure shown in Fig. 
1 will be mainly explained centering the step of introducing 
fluorine into gate insulating film 53 and silicon substrate 51 
from silicon oxide film 56. 

First, on a p-type silicon substrate 51 having a surface 
orientation (100) and a specific resistance of 4 to 6 Qcm, 
trenches for isolation are formed by reactive ion etching. 
Successively, by filling, for example, an LP-TEOS film into the 
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trenches, and isolation regions 52 are formed [Fig. 2(a)]. 

Then, for example, at 750°C at 1 atm, silicon substrate 
51 is exposed to a mixed gas of an oxygen gas and a hydrogen 
gas to form a silicon oxide film. Furthermore, by exposing the 
silicon oxide film to a nitrogen monoxide gas (NO) diluted with 
a nitrogen gas to 10% or a dinitrogen monoxide gas (N 2 0) , for 
example, at 900°C, a gate insulating film 53 obtained by 
introducing nitrogen atoms into the silicon insulating film is 

formed [Fig. 2 (b) ] . 

Next, a polycrystalline silicon film is deposited on the 
entire surface by the CVD method and this polycrystalline 
silicon film is patterned, and gate electrode 54 is formed. 
Successively, with the use of a mixed gas of an SiH 4 gas diluted 
with a nitrogen gas and an NH 3 gas, for example, at 450°C at 
a pressure of 10 mTorr to 1 atm, for example, a CVD silicon 
nitride film 56 having a thickness of 50 to 2, 000 A is deposited. 
Thereafter, fluorine ions are injected into the entire surface 
at an acceleration voltage of 10 to 50 keV with a dose of 1 
X10 13 to 1X10 16 cm" 2 . Furthermore, for example, at a 
temperature of 300 to 850°C for 1 to 60 minutes, the substrate 
is exposed in a nitrogen gas atmosphere to introduce the 
fluorine atoms injected into CVD silicon nitride film 56 into 
p-type silicon substrate 51 and silicon insulating film 53 [Fig. 
2(c) ] . 

The following steps are the same as the steps of 
manufacturing the conventional MOS transistor. Specifically, 
for example, at an acceleration voltage of 20 keV with a dose 
of 1X10 15 cm" 2 , arsenic ions are injected to form source 
region/drain regions. Successively, a CVD silicon oxide film 
which comes to an interlaminar insulating film is deposited by 
the CVD method on the entire surface, and contact holes are 
opened in this interlaminar insulating film. Successively, an 
Al film is deposited on the entire surface by the sputtering 
method and this Al film is patterned, and the MOS transistor 
having a structure shown in Fig. 1 is completed. 

Next, by reference to Fig. 3, a second method for 
manufacturing an MOS transistor having a structure shown in Fig . 
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1 will be explained. 

First, on a p-type silicon substrate having a surface 
orientation (100) and a specific resistance of 4 to 6 Qcm, 
trenches for isolation are formed by reactive ion etching. 
Successively, by filling, for example, an LP-TEOS film into the 
trenches, and isolation regions 52 are formed [Fig. 3(a)]. 

Then, for example, at 750°C at 1 atm, silicon substrate 
51 is exposed to a mixed gas of an oxygen gas and a hydrogen 
gas to form a silicon oxide film. Furthermore, by exposing the 
silicon oxide film to a nitrogen monoxide gas (NO) diluted with 
a nitrogen gas to 10% or a dinitrogen monoxide gas (N 2 0) , for 
example, at 900°C, a gate insulating film 53 obtained by 
introducing nitrogen atoms into the silicon insulating film is 

formed [Fig. 3 (b) ] . 

Next, a polycrystalline silicon film is deposited on the 
entire surface by the CVD method and this polycrystalline 
silicon film is patterned, and a gate electrode 54 is formed. 
Successively, for example, at 600 to 1,000°C at a pressure of 
10 mTorr to 1 atm, the substrate is exposed to a mixed gas of 
an oxygen gas and an NF 3 gas to form a fluorine-containing 
silicon oxide film 56a having a thickness of 10 to 200 A around 
gate electrode 54. Successively, with the use of a mixed gas 
of an SiH 4 gas diluted with a nitrogen gas and an NH 3 gas, for 
example, at 450°C at a pressure of 10 mTorr to 1 atm, for example, 
a CVD silicon nitride film 56b having a thickness of 50 to 2, 000 
A is deposited. Furthermore, for example, at a temperature of 
300 to 850°C for 1 to 60 minutes, the substrate is exposed in 
a nitrogen gas atmosphere to introduce fluorine atoms from 
silicon oxide film 56a into p-type silicon substrate 51 and 
silicon insulating film 53 [Fig. 3(c)]. 

Thereafter, through the same steps as explained in Fig. 
2, the MOS transistor having a structure shown in Fig. 1 is 
completed . 

Furthermore, in this embodiment, the method of forming a 
fluorine-containing silicon insulating film around the gate 
electrode is not limited to the above described example. For 
example, at 750 to 1,050°C, the gate electrode is exposed to 
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a mixed gas atmosphere of an oxygen gas and a hydrogen gas added 
with a halide such as NF 3 and the surface of the polycrystalline 
silicon which comes to a gate electrode may be oxidized. 
Further, around the gate electrode composed of a 
polycrystalline silicon film, a fluorine-containing silicon 
film may be formed with the use of a mixed gas of an SiH 4 gas 
diluted with a nitrogen gas and an NH 3 gas or a mixed gas of 
an oxygen gas, a hydrogen gas and an NF 3 gas. Furthermore, 
around the gate electrode composed of a polycrystalline silicon 
film, a fluorine-containing silicon nitride film may be formed 
with the use of a mixed gas of an SiH 4 and an NF 3 gas. 

Further, as shown in Fig. 4, silicon insulating films 56c 
to 56f having different fluorine concentrations are laminated 
on the sidewalls of gate electrode 54, and from these laminated 
films, fluorine may be introduced into gate insulating film 53 
and silicon substrate 51. By increasing the fluorine 
concentration in the order of 56c to 56f , the fluorine profile 
in the neighborhood of the end portion of the gate electrode 
can be varied as shown by dotted lines. 

As described above, in this embodiment, by introducing 
fluorine from the insulating film formed around the gate 
electrode into the gate insulating film and the silicon 
substrate in the neighborhood of the interface of the gate 
insulating film, more halogen atoms can be introduced into the 
region corresponding to the neighborhood of the end portion of 
the gate electrode than the region corresponding to the 
neighborhood of the central portion of the gate electrode . Thus , 
by appropriately controlling the fluorine concentration in the 
insulating film or the heat treatment conditions on diffusing 
fluorine, the formation of a gate insulating film having a 
desired fluorine concentration and a fluorine profile and a 
channel region becomes possible. 

Embodiment 2 Next, a method for manufacturing an MIS 
transistor relating to a second embodiment of this invention 
will be explained. 

Fig. 5(a) to Fig. 7(1) are step cross-sectional views 
showing the example of the first manufacturing steps of this 
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embodiment . 

First, for example, an n-type silicon substrate 1 having 
a surface orientation (100) and a specific resistance of 4 to 
6 Qcm is prepared, and on the surface of this n-type silicon 
substrate, about 0.6 ym-thick isolation insulating films 2 are 
formed by the conventional selective oxidation method. 
Successively, a p-type dopant is selectively injected by highly 
accelerated energy, and furthermore heat treatment is performed 
at high temperatures to form a well region 3 [Fig. 5(a)]. 

Then, by thermal oxidation, a 3 to 8 nm-thick gate 
insulating film (silicon oxide film) 4 is formed, and 
furthermore a 200 nm-thick polycrystalline silicon film 5 is 
formed as a gate electrode [Fig.5(b)]. 

Next, with the use of a resist mask 8a, the entire surface 
of the gate parts in the region where a p channel MOSFET is to 
be formed and in the region where an n channel MOSFET is to be 
formed is masked. Successively, by the reactive ion etching 
method, the polycrystalline silicon film is etched to form a 
gate electrode 5a in the p-channel MOSFET region [Fig. 5 (c) ] . 

Then, the resist mask is removed, and thereafter BF 2 ions 
6 are injected, for example, at an acceleration voltage of 30 
keV with a dose of 5X10 14 cm" 2 to form diffusion layer regions 
10a on the p-channel MOSFET side. In this instance, the BF 2 
ions are also injected into the polycrystalline silicon film 
of the p channel MOSFET and the polycrystalline silicon film 
of the n channel MOFET region [Fig. 5(d)]. 

Next, with the use of a resist mask 8b, the entire surface 
of the gate parts where the n channel MOSFET is to be formed 
and the region where the p channel MOSFET is to be formed is 
masked. Successively, the polycrystalline silicon film is 
etched by the reactive ion etching method to form a gate 
electrode 5b in the n channel MOSFET region [Fig. 6(e)]. 

Then, after removing the resist mask 8b, the p channel 
region alone is again masked with a resist mask 8c. 
Successively, arsenic ions or phosphorus ions are injected into 
the entire surface, for example, at an acceleration voltage of 
30 keV with a dose of 1 X 10 15 cm" 2 to form diffusion layer regions 
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10b on the n channel MOSFET side. In this instance, the above 
described ions are also injected into the polycrystalline 
silicon film 5b in the n channel MOSFET region [Fig. 6(f)]. 

Next, by the LP-CVD method, about 10 nm-thick sidewall 
insulating films composed of a silicon nitride film are formed 
on the sidewalls of gate electrodes 5a and 5b. These sidewall 
insulating films are obtained, for example, by depositing a 10 
nm-thick silicon nitride film by the CVD method and thereafter 
performing anisotropic dry etching [Fig. 6(g)]. 

Then, with the use of a resist mask 8d, the n channel MOSFET 
region is masked and boron ions 9 are injected, for example, 
at an acceleration voltage of 20 keV with a dose of 3X10 15 cm" 2 
to form p-type source/drain diffusion regions 11a. In this 
instance, the boron ions are also injected into polycrystalline 
silicon film 5a in the p channel MOSFET region. In this ion 
injection step, the range of boron ions can be shortened in the 
above described BF 2 injection step since the polycrystalline 
silicon surface and the substrate surface have been rendered 
amorphous [Fig. 6(h)]. 

Next, the p channel MOSFET region is masked with a resist 
8e and arsenic ions or phosphorus ions 7 are injected, for 
example, at 50 keV with 3X10 15 cm" 2 to form n-type source/drain 
diffusion layers lib. In this instance, the above described 
ions are also injected into polycrystalline silicon 5b in the 
n channel MOSFET region. After removing the resist mask, the 
substrate is heat-treated in a nitrogen atmosphere at 950 °C for 
one minute to activate the dopants in each electrode and in each 
source/drain diffusion layer. In this instance, the fluorine 
injected as BF 2 ions into each of gate electrodes 5a and 5b 
diffuses into each of gate oxide films 4 by the heat treatment 
[Fig. 7 (i) ] . 

Then, a 25 nm-thick titanium film and a 50 nm-thick titanium 
nitride film are successively deposited by the sputtering 
method. Then, heat treatment is performed in a nitrogen 
atmosphere at 700°C for one minute to react all the titanium 
film with the polycrystalline silicon (gate electrode) and the 
silicon substrate, and a titanium silicide film 13 is formed 



-6- 



only on the gate electrodes and the source/drain diffusion layer 
regions. Thereafter, titanium nitride film 13 and unreacted 
titanium film on the insulating film are peeled, for example, 
with an aqueous solution of hydrofluoric -acid and a mixed 
solution of sulfuric acid and hydrogen peroxide [Fig. 7(j)]. 

Next, after depositing a 300 nm-thick silicon oxide film 
14 as an interlaminar insulating film on the entire surface by 
the CVD method, contact holes 15 are opened in the silicon oxide 
film by anisotropic dry etching [Fig. 7(k)]. 

Then, after forming a 800 nm-thick aluminum film containing, 
for example, 0.5% of each of silicon and copper, this aluminum 
film is patterned, and wiring 16 to be connected to the gate 
electrodes and the source/drain diffusion layers is formed. 
Thereafter, heat treatment is performed in a nitrogen 
atmosphere containing 10% of hydrogen at 450°C for 15 minutes 
[Fig. 7(1)]. 

Further, in this example, BF 2 is used as an ion species used 
in injecting fluorine into the gate electrodes but the ion 
species is not limited to this BF 2 and, for example, a fluoride 
ion of silicon, a fluoride ion of arsenic or phosphorus or an 
ion of a fluorine-containing arsenic or phosphorus compound may 
be used (the same as in the subsequent other examples of 
manufacturing steps) . 

Fig. 8(a) to Fig. 11 (m) are step cross-sectional views 
showing the second manufacturing steps of this embodiment. 

First, an n-type silicon substrate 1 having, for example, 
a surface orientation (100) and a specific resistance of 4 to 
6 Qcm is prepared, and on the surface of this n-type silicon 
substrate, about 0.6 ym-thick isolation insulating films 2 are 
formed by the conventional selective oxidation method'. 
Successively, a p-type dopant is selectively injected by highly 
accelerated energy and further heat-treatment is performed at 
high temperatures to form a well region 3 [Fig. 8(a)]. 

Then, by thermal oxidation, a 3 to 8 nm-thick gate 
insulating film (silicon oxide film) 4 is formed, and 
furthermore a 200 nm-thick polycrystalline silicon film 5 is 
formed as a gate electrode [Fig. 8(b)]. 
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Next, BF 2 ions 6 are injected into the entire surface of 
the silicon substrate, for example, at 30 keV with a dose of 

5X10 14 cm" 2 . Thereafter, heat treatment is performed in a 
nitrogen atmosphere, for example, at 850°C for 30 minutes. In 
this instance, the fluorine injected into the polycrystalline 
silicon as a BF 2 ion thermally diffuses into the gate oxide film 
4 [Fig. 8(c)]. 

Then, with the use of a resist mask 8a, the entire surface 
of the gate parts in the region where a p channel MOSFET is to 
be formed and in the region where an n channel MOSFET is to be 
formed is masked. Successively, by the reactive ion etching 
method, the polycrystalline silicon film is etched to form a 
gate electrode 5a in the p-channel MOSFET region [Fig. 8 (d) ] . 
Next, by injecting BF 2 ions 6, for example, at an 

acceleration voltage of 30 keV with a dose of 5X10 14 cm" 2 , 
diffusion layer regions 10a are formed on the p-channel MOSFET 

side [Fig. 9(e)]. 

Then, after removing the resist mask, the entire surface 
of the gate parts in the n channel MOSFET and the p channel MOSFET 
region is masked with a resist mask 8b. Successively, the 
polycrystalline silicon film is etched by the reactive ion 
etching method to form a gate electrode 5b in the n channel MOSFET 
region [Fig. 9(f)]. 

Next, after removing the resist mask, the p channel region 
alone is again masked with a resist 8c. Successively, arsenic 
ions or phosphorus ions 7 are injected into the entire surface, 
for example, at an acceleration voltage of 30 keV with a dose 
1X10 15 cm" 2 to form diffusion layer regions 10b on the n-channel 
MOSFET side. In this instance, the above described ions are 
also injected into the polycrystalline silicon film 5b of the 
n channel MOSFET region [Fig. 9(g)]. 

Then, with the use of the LP-CVD method, about 10 nm-thick 
sidewall insulating films 12 composed of a silicon nitride film 
are formed [Fig. 10(h)]. 

Next, with the use of a resist mask 8d, the n channel MOSFET 
region is masked. Successively, boron ions 9 are injected, for 
example, at an acceleration voltage of 20 keV with a dose of 
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3X10 15 cm" 2 to form p-type source/drain diffusion regions 11a. 
In this instance, the boron ions are also injected into 
polycrystalline silicon film 5a in the p channel MOSFET region. 
In this ion injection step, the range of boron ions can be 
shortened in the above described BF 2 injection step since the 
polycrystalline silicon surface and the substrate surface have 
been rendered amorphous [Fig. 10 (i)]. 

Then, the p channel MOSFET region is masked with a resist 
8e and successively, arsenic ions or phosphorus ions 7 are 
injected, for example, at 40 keV with a dose of 3X10 15 cm" 2 to 
form n type source/drain diffusion layers lib. In this instance, 
the above described ions are also injected into polycrystalline 
silicon film 5b in the n channel MOSFET region. Next, the 
substrate is heat-treated in a nitrogen atmosphere at 950 °C for 
one minute to activate the dopants in each electrode and in each 
source/drain diffusion layer. In this instance, the fluorine 
injected into each of gate electrodes 5a and 5b as BF 2 ions 
diffuses into each gate oxide film by the heat treatment [Fig. 
10(j)]. 

Next, a 25 nm-thick titanium film and a 50 nm-thick titanium 
nitride film are successively deposited on the entire surface 
by the sputtering method. Successively, heat treatment is 
performed in a nitrogen atmosphere at 700 °C for one minute to 
react all the titanium film with the polycrystalline silicon 
(gate electrode) and the silicon substrate, and a titanium 
silicide film 13 is formed only on the gate electrodes and the 
source/drain diffusion layer regions. Thereafter, titanium 
nitride film 13 and unreacted titanium film on the insulating 
film are peeled, for example, with an aqueous solution of 
hydrofluoric acid and a mixed solution of sulfuric acid and 
hydrogen peroxide [Fig. 11 (k) ] . 

Then, after depositing a 300nm-thick silicon oxide film 
14 as an interlaminar insulating film on the entire surface by 
the CVD method, contact holes 15 are opened in the silicon oxide 
film by anisotropic dry etching [Fig. 11(1)]. 

Next, after forming a 800 nm-thick aluminum film containing, 
for example, 0.5% of each of silicon and copper, this aluminum 
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film is patterned, and wiring 16 to be connected to the gate 
electrodes and the source/drain diffusion layers is formed. 
Thereafter, heat treatment is performed in a nitrogen 
atmosphere containing 10% of hydrogen at 450°C for 15 minutes 
[Fig. 11 (m) ] . 

Further, in this example, BF 2 is used as an ion species used 
in injecting fluorine into the gate electrodes but the ion 
species is not limited to this BF 2 and, for example, a fluoride 
ion of silicon, a fluoride ion of arsenic or phosphorus or an 
ion of a fluorine-containing arsenic or phosphorus compound may 
be used. Further, BF 2 ions are used in the formation of 
diffusion layers 10a in the p-channel MOSFET but boron may be 
injected at a low acceleration voltage, for example, at 5 keV. 
In this case, since excess fluorine is not introduced into the 
gate oxide films from the source/drain diffusion layers, highly 
reliable gate oxide films can be obtained. 
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3>©^>yy>y#>F ( = s i • > asjaH^&ifc 

»2©«8Hi. «*©Hc»a^«s i -os 

*3w«j»fsnr^cfc^>yy>y#>F < = s i • ) 
[ooi 7] y-h»ui<Diu»»«tt, y>yy>y 



(3) #532 0 0 0- 1 96 07 3 
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©*✓ y n >J0K?- ( = S i + ) >"j3>l»e>y- 

y- FWUKoaa^ccffiB-rsyi/y y >y 

#>F(sSi WW h >* y >y-T4IB© 

yy>y#>F ( = s i * ) ^Dac^^tc-rsci 

**fifi"C*-5. 4fe* s i -Hfa&mtm^mMcs i 

/Co 

[oo i 8] &L±<DC£frh* y>yy>y#>F(s 

Si-) *:7?5W©^ny>S*t?*S*3l^SC£*c 

•to, i»tt©»^- nwat»sc 4 

€> e fc«u ^ay>7afsoa»A*w^rfif-sia«:y 

-FiMt«©fijftt3WiaTi/-cu*5tea>, y>^v> 

y*<> F*»»3**fc»©^ny>7c*©iftS«:oo» 

20 ng^©^r^y-^m^^$(i-r^ia,^>6B, y- 

h M©SSa$ttiSK: jft|£ 1/ ^ n y>7t^?^ * 

[0019] <fc*i«. y- h mfficDSSP^ifitc 

#j£Lfc««K:<fc 0 ^ < O^n y >7C**3»Ar * C <b 

#t#£©t\ pn«^©atfrr«iy-^«**W«lr* 
*t0B*oc, af>yy>y#>F4»SStt4fc»©^ 
ny>^©j^©*»b c <h#pJ6fc-e& 

30 [0020] #|&BjJ fcff &^fim©IU2r&K. » 

i ®m^©^gfts«±ccy- Fwmt^u-cjRfts 
n/cy-hmsi, c©y-F*s©wacc»j£Lfc« 
«cc»fissnv-^ • Fu^>««itt4»r2»«as© 
S£ti@i*w*rs^^g©is^ffi^*5^t:. y- 
h««K:^May>7aR^^!»*3iA"r4xsi. c©y 

- F«Kcc»A3tifc^Dy>7c3RfbA««:#*ns^ 
ny>7cJR*«kftiffltcj:oT^tt< <t *>y- FttttRCc 

*) . 

40 [002 1 ] WBB^ny>7C*{fc£!»«: % ^>SEACc 

i^ty- h*scca»A , rsc:i3&sjffsiy^. «r 

E^ay>7C*ft^»«, F^-Xttr^-b^*itt4 

#*i/tr>. 5 friB^^py^TcsRib^tttt. 

*cc 2«±©^oy>7c«* s *4<ifc<b^»r*4 C i 

[0 02 2] J:titf, y-h«s«c»^oy> 

5«^b^a»e-c^ny>7cSR*s3»Asns. u/c^-d 

Y^*>aA©^w:, ^ny>7n^b^«:^«L//c 
50 0, H«»»«:J:or7y3R^*>©*4KDlH*rA^ 
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Wot, y-h stii*. -rctc 

[0 02 3] ^P*y>7c3Rffc^»i It F^-X 

y^ya^y- h^cD^FJffi®(D^Afc[a)BS^f seta* 

«:<fc?K j»*W«:./May>7c3R*y- hm@tC2gA-T4 

cigars. 

[0 024] 

♦JHt/cBwrr*. 

[0025] (setH^s DBut » i <omsm»^c 

[0 02 6] 5 ltt p Sh> U 3 >S : E, 5 2 W3frF4*d 

{m& 5 3t*7 9***^y-hiM«..5 4tt#-'; 

3ft/cffif$tJf (V-X • FU-f t*6o 5 6« 

mmm (m«cvD^';3>^ti?) c<d 

3 RO'y- hJNUHSt 53i <DlfffliS«C[)^ y n >g« 5 
1 CCK, y- h*«5 4Cr>**WifitC*tiCL/c^«J; 0 

fey- b me 5 4©l(^jfi«:»j£l/fe««K:ct»)^< 
<0^ny>7E3R#»A3tir^s o 5 7(il6WiI 
(CVD*yy3>WUW) C<DJIIHEMIUI5 
7K:«W6*ifc:a>** Fft^l/T, y-h««5 4 
StfXV-X • FW>««5 5CCA1B»5 8#*««3 

[0 02 7 1 &K:. i2Mtt, HI £5*1/ ft: J: 9 

5 3S^> r ;3>I«5 1 tC7 ^JRSaiA-riXg** 
[0 02 8] $*f , ffi^(4 (100), it&ft4-6 Q 

AKLP-TEOSJB*8Kca»iitfCi«:J:«3. *T* 
#«««5 2 (02 (a) ) . 
[0 029] ^Atf750"C, l«EtC*5l»T, 

BBR^i**^©a^^*«:^y3>SS5 1* 

BBUT, J/y:a>«flJKJBj*rS. 

0 OTKCfc^T, 1 0%fc*ROfc— 8Mt£ 
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(no) Sci»«— Bfibna**^ (N, O) *CC 
2/y3>M^b«*B-rc4K:j:o, ^y3>n{k**«c 

2(b)). 

[0 03 0 ] #(C, <fc*aWBBEfiffi«:J:-5T?py^y=i 

C<D#y J/ y:a 

0*C, JE^l OmTo r r ^ 1 SUBC*$l,>T* 
-CflKl/cSiH, ^iNH 3 ^<DS^#X£ffl^ 
10 WU25 0 — 2 0 0 0ACDCVD^y3>2^fclB5 
etiBITi. JnaBElO^SOkeV, F 

-Xilxl0 13 -lxio u cm- 1 ^ 7?SR-f*> 
^±ffifrcaAtSo 3 etc, W^ti3 00-85 0*C£> 

U CVD^yn>»Ui5 6K:aEA3*ifc7y3RJiaT-' 
4pS5/«;3>1S5 15^>';3>*£iI5 3*^ 
AT 4 <H2 <c) ) . 

[0 0 3 1 ] J£t«©Xgtt* a^CDMOS h7>^$ 
20 OkeV, F-XllxiO^cm-'tTO^^a 

VD^ya>»fcil*«BIU c©»IB*MWIK:=i>* 
A1I***«U C©A l«*KJ£tt^tf>x**>y 

a«jfi&wr*Mos h^>^*©*2©«js*ffitc 

30 Ol^riftBJT^o 

[0 03 3] ffi#& (10 0), imtK4^6Q 

£«tffitt5 2*#J58W* (H3 (a) ) . 
[0034] ■ Wiltf 7 5 0 "C. 1 StEfc*5l>T, 

B«^<t**#^(C)fi^#xt|3«c^y=i>s«5 l * 
Baur v ^y3>«^fcM*»jss-rs. 3 etc «*.«9 

OO'CCCfcCvr, 1 O&fcfHRLfc— BMtfi 

40 (NO) atC^tt— M{tHffi*^.<N, O) 

3(b)). 

[0035] ^ccc, {fc^fflisJEfiffi«: <fc -o r # y ^ y n 

yLTy-h»S5 4&»J3cTSo i^^r, FHx.«6 0 
0 - 1 0 0 0 °C, E.t> 10mTorr-l MEECC^C^ 

■T, hfgfi5 4<OJSHK:JB«l 0-^2 0 0A©7 y 
50 *4ft^$/y3>»{Ui5 6a*»fiWi, SH»T, 



7 

5 0°C V Kt> lOmTor r — lSUICCfct* 
T, fiSR^r*3(RU*:S i H 4 ^iNH, #*<3Dfi 
£#X£fflt>T, WAtf5 0-2 0 0 OA©CVD5^'J 
3>^{tJg5 6 b**ffl"rS. S&fC, «*«3 0 0^ 
8 5 0 B C<DfigT\ 1 ~6 0#BB, *S*a[3R^^»H 

y ^ >s« 5 i y a >ii&fijg5 3 tjncagAT 

& (03 (c) ) . 

[0 03 6] «« % H2rKWl,fc©£H«©I«*« 

^CitCi^ HI cc^u*:j:5a«a*wrsMps 10 

[0037] *ie»»jii'cc*5iir. f^@© 

hmgCD^HtC, SiH 4 ^iNF, #*<Dig^#X 

*fflt>r, 7^3R*^y=i>SfU«**iao-cfeJ: 

[0 03 8 ]*fc, B4CC5*TJ:9fc:, hfltffiS 4 
©WMK::? ^ f ifil©!^ ^ ^> y 3 >iffiil 5 6c-5 

MM5 3 »J 3>IS5 1 0C*A"r4<fc9K:i/T:fc 

<£l> 0 7 y3Ri*tt*5 6 c^65 6 f ©JBfci«<'r*C 30 

[0 03 9] «±jfi^fcj:9«:. *JUB|5«|-CB, y- 

^Msc/y- hmMmt<Dfmi&&<Du y a ^stgcts 
<©^ny>s**»A**ci#sr*4. utc&~> 

(omumm^M^cmm^^ctttc^o, wa©?? 40 
m&mRvyvmyv7T<oi'*m?z>y- hunks 

[0040] (xhm2 ) *«c, *iW8©»2 <Dmm 

[ 0 0 4 1 ] 05 ( a ) -07 ( 1 ) tt, #!HSJ$B<3D 

[0 04 2] «ittfBB*tt (100), tt&JU 
-6 QcmOni*yy 3>ISl *JBKU C<Z)nM^ 

y a >*«©»ffl«ca*cwawwfcffi«: J: o rii § 0 . 50 
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6Mmg«©*^(Wft«il2*ja5S-r4. *fcC>T* p 

(05 (a) ) . 
[0 043 ] ^CC, 8ftBMfcKJ:oT»S3^8nm©y 

-btmm (^ya>BMb«) 4*»j«u s^ccy- 

h^S<tt,T/S;?2 0 0 nmO^ISS^y 3>B5*J^ 

(05 (b) ) . 
[0044] ^JC. l/^hv^^8aiffll^ 4 
■r*Jl>MO S F ET*Jft5fcO<fc 5 hSB 
&tf n * + *;UMO S F E TZm&U <fc 5 

«Ccfc«5*ifefl^ya>H*X5r^>yL/r, p^**^ 
.MOSFETM«©y- hm®5 a4Mt^ (05 - 
(c) ) . 

[0045]Xt U^F^^^iil/cil BF 
a -f*>6*Wt«flna*EE3 0 k e VT5 x 1 0 14 c 
m- 2 -/*>iiAU p^^+JUMOSFETMCCjtlRJl 
i^lOaHMt^o C©££, p^t^MOSF 
E T<D^*Siir> y a >KK0*n * * * O S F E T« 

ao^isa^ya^ifitticcfeBF, -y*>#&a;**i£ 

(05 (d) ) . 

[0 046]^, l/^F7^^8b^t, n** 

aa f p^'r*;l'MOSFET*JBJ5SL<fc5& , ra««!© 

fc«fc9£ISJI^y:a>lK*xy^>^L"C, n^-r^JU 
MOSFET««<Dy"- h«S5 biJBJflE-T* (06 
(e) ) o 

[00471 XIC, b^hvx^8b^JU/dl 
Bfl[p^ + *^««©*U^ h 8 ct7Xm. tt 

or, *fflccat*-<*>x»y>-r*>7* % «*«ap 

ii^JE30 ke Vt?l x 1 0 1S cm"W^>aAU n 

* *;UMO S F E TWtc8E»JB«i« 1 0 b *»JSW 
^ e CCDi^, n^t*M0SFET««O^fefl2/ 
yn>BI5btfi{cfe±IB-/*>3&saA3ti5 (06 
<f > ) . 

[0048] LP-CVDffi*It»t 4 
©5 aM5 bCDffliJUCC, 1 0nmll^>'j3> 

i o n m©-> y 3 >mtmz 

SCitcJ:^Tf#e>nS (06 (fir) ) o 

*;UMOSFET^i|$£:^*£U mm-i*>9*m%. 
«JjDiimE2 0 ke V-C3X l 0 ,s cm-W^SA 
lv pffl©v-X- FU-f>ttlWBl la4M«c 
C©4# % p^ + *;l/MOSFET««CD^JSfi2^y 3 

ATMVte. ±i£btcBF 2 <DA ■*>ffiAXS©BfC, 
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(h) ) o 

[0 0 5 0] ^CC, pft*^MOSFET««4U^ 

Witt5 0 ke V-C3 x l 0 ,s c m" 2 >f *>£AU n 
• FU^>ffi«Jll 1 b CCD<b 
nft^MOS F E T«JS©3HSB^ y 3>15. 
b4HCfc±iB^*>**i£A3ft£.. U^F7X^?:i 
*l//d£, a«*a**Ha«t , "C9 5 0 1 C. l^MJRAD! 10 
IU V ^y-hSS^cDK-^^hR^V-^ * FlW 

F -^-> F%}stt<fcs -as. coi^r, & 

h«B5 aB£>'5 b*&CBF* *>£ LT&AS 
hfc:7v*tt, «WBffl«:j:-oT#y-FWfcB4*«:lt 
IW* (07 ( i ) ) o 
[0 0 5 1 ] #MC % ±ffi«Cj»3 2 5 n m©^ £ 
if $ 5 0 nmOf-Zlsj-J bv-i FWR**'** 

n> (y-hm@) &»^ya>a«isj£3** y- 20 

hWE&tfv-*- FU-/>ffifk»««-bK:o*^*> 
^U-^-f FJRl 3*JgflET*. *<D»* *ft* 

>i- A b 5 A FJR 1 3 acjf|ftws±(z>*sa;co^ * 

>fW*WWH-* (H7 (i > ) . 

[0052] #mc. jemiuuu isx±mtcmz 300 

n mOf U a >K<bJR 1 4 £C V D^K: J; 0 *i» L,fc 
ft v - a*ttF^-/xy^>ycc<tD*>y=i>BMkBIK:=i 

f#-;h 5£ggp*r& (07 (k) ) o 
[0053] &(c % 5> y n >ia**n*tiwi*tto . 30 

£03 8 0 0 n m©7JU5 &m&B 
X- FU^>ffi»llK:gStt3ti4iBI8l 6*J$ifrr4* 

4 5 0 d c-c 1 5#m. tk^^ 1 0 

H»TaWB»rS <H7 ( 1 > > . 

[0054] *^r»7 f»s*k:3I 

BBR*y>©:7^fcW^*X ScC>tt7 9** 
SWT*BBR*y><D-ffc^ft-f*>*ffl^'CfeJ:C> (K* 40 

[0 0 5 5 ] 08 (a) -01 1 <m) W\ *SUBg« 
(Dm 2 <D«J6Ig«*5* b /clglriar*^. 

[0 05 6] S"i\ WitfS^tt (100) , JtffiSU 
^6 Q c mOnlS/ 'J 3>1S 1 tfflll/* C(Dn^> 

y a wcawwwaw cto-cjiso, 

6Mm^S0^^gt^S2*^T^o i^t, p 
?%> (08 (a) ) . 50 
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[0057]^ f»Wb«:£oT»S3-8nm©y 
-FlfilW (J/'Ja>«W) 4 4J&SBL. S&fcy- 

h«aiLT/I3 2 0 0nm(D*»at/y =»>JR5*J^ 
fitf £ (08 (b) ) o 

[0 05 8] ^CC, ^>y =i >g«£HiC B F , -/*>6 
«tf30keVCF-X15xiO ,4 cm' l >ft 
>SA-fSo *<Z>8L ^#ffl^*-C^x.tt8 5 0'C v 

BF 2 ^*>£UTi£A3ttfc7?3Rtt. y- hKltM 

4*M£tSnr & (08 (c) ) . 

[005 9JXK, U^X hvx^8 a^rfflC^r, p* 
SCXn * + *;I/MO S F E TfcJ&SfcU «fc 9 i 

«:J:i3^fefl^y=i>lB*X7?->yLr. p***^ 
MO S F E T«©y- MS 5 a ^Mt ^ (0 8 
(d) ) e 

[006 0] ^CC, BF, ^*>6*W*tt»fiIWBE3 
0keVt5xl 0 ,4 cm-Wt>iiAtSC<!:tCj; 
0, p^ + *^MOSFETflHCCj£ftJl««l 0 a*» 
(09 (e) ) . 

[006 1 ]^C«C fc l/^h7^^*RSLtea, 
t^MOSF ETcDy— FWSCJfp ^t^MOSF 
ET«iS©±ffi*U^X hvx^8 btl^ ( 

y&tt j; o ^*sa^ y 3 >jg£* * 

*>yt>T. n ^ t *^MO S F E T««©y- Mfl 
5 b (09 (f ) > . 

[006 2] U^Xh7X^I:i4LWi 
p^ + *j!/«igl<D#&U5-?;* h 8 ctvx^t^ 

^ffi«:Hi*^*>xtty>-/*>7*, «M.w»njB 

IE30keVtlxiO ,s cm- z ^>aAl, 
•r*;l/MOSFETWJCc4t»li««l OblrMn. 
C(D<h^, n^ + *^MOSFET««CE)^|ga^y3 
>M5 b*CC*>±E^*>36saA3ti& (09 
<*>>. 

[0 06 33 ^«C, LP-CVDffi*ffll>t»3 10n 
mSacD-> y n >B{bll^ 6 & SMKIBttK 1 2 ^JfJ^K 
1"4 (HlO(h)).. 

[0064]3C(C % U$/Xh7^^8d?:^t t 
t*Jl/MOSFET««4v^m, ift(r»r, 
*>9*, «At*flPaWE20keVT, 3xio ,5 c 
m-^*>itAU pSOV-X • FU-f>a»Jll 1 
a*»J3«-S, C<Di«, p?t*;l/MOSFET«« 
0^*Sfi^ya>JR5 a*fct>BII3RY*>A«aA3*i 
&o CCD>f*>aAXfi-Ctt, lil/cBF, CD^^f> 

^AxgcDKtc, smsa^ y >*fflsa f *«*ffl*sr 

* (01 0 ( i ) ) . 

[006 5] ^CC, p^t*MOSFET«Jj|4l/y 

xF8e~cv*>7u «ii"ra*-f*>xtty>-f*> 
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7£r v m«40keVt, 3x l 0 15 cnrW*>& 
Al, nSOV-^ • F U >ffil*JI 1 1 b *%m? 
C<D£3\ n 1 ^^MO S F E TM^fe B 0 >' 

«*ffi**H»*'C9 5 0'c. laraMw&su 

bmfatp<D F-^> F&O'&V-X * FW>J£iWB* 
5 aM5 b^CCBF, l/ri£A3ftfc7 ■»* 

«yaaocj:or*y-- h»i{fciB*ccffi«-rs (Hi 

0 ( j ) ) . 

[0 0 6 6]*t £B«:J*3 2 5nm(Df^>fE 
/¥3 5 Onm©?^>t^ F5^ F»8*;*'*? £ffi&c 

J:OJ«*i(fflrr*. *H>r % ffiR*HA4>, 7 0 0W 

n> (y-h«s> &^y=i>»Sisi£s-e:. y- 
^ytM Fun 3*»jstr*. *®fft, ^ft* 

^ # 4 YJJ KM 1 3 R0%JWR±O*JSJ£©^ # 
>WK*WI»r* (011 <k) ) . 
[0 067] ^C, Sffl^JRi UT£WC/P 3 300 
nm^>»J ^mtm\ 4*CVDffi«c«t OiifflUfc 

^ F 1 5 £KPT£ (011 ( 1 > > . 
[0 0 6 8]&fC % isV^ytm^tl^tlMX-ltO. 

450^1 5#Hk *3R* 1 0%^t?^*# 
i^-CMITS (011 (m> ) . 

[0069] so:*, '*«-ctt7 hiatici 

p^^*Jl/MOSFET««CDlt»)B 1 0 a<WKfiR 
tcBF, -Y:*>£flH>/c3^ BJSR*ffiaDS*E* 

[0 07 01012 ( a ) -0 1 4 ( k ) #*5feff5 

[0071] wium-fifo (ioo), mmi 

-6 Q c mOnS!^ U 1 4ffllU, CCDnMi' 

y a >Sfi<DftS(C3lflt(DSKK{ H*«c J: -> X B 3 0 . 

s fwo F^j»ax^;m^-Tiitf?wtc-r^>aA 

T4 (8112(a)). 
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[0 07 2 ] j(!lBHtfCj:ot/l33^8nm©y 
-F*fe»Jg (2/>j3>iMlJi) 4*»J«U S6Ccy- 

Fm®<i:bTJ?3 2 0 0nm<D*ISa^y3>H5*^ 
J^TS (012(b)). 

[0 07 3 ]^, U^h7X^ (iSW) 
-C JBStt-T*>i9^>yffiCcj:»j*tta^ya>« 
*i9f>^U nf + ^Wp^t^MOSFE 
T©y- F««-5 aM5 b*JBJ^4 (01 2 

(c) ) . 

10 [o 07 4] »«±ffiecBF a j*>e%> m*. 

«3 0 keVt F-XM5 x 1 0 14 c m" 1 *>aA"T 
So tt*»H»*«:*JC»r«*«8 5 0'C-C3 

0#IB*U8ffl*fr5. CCD<h£, SMS»^ya>*l*«c 

bf, -/t>iitttA$n/c7^(i y-nwui 
4*cc*ftti;iw*. c<Dt^mmm^nt>r. %. 

tfy-* • FU^>*£t^cDF-^*> F^fStt^b-TS/c 
fe©l^aiPB$tc^ffitJ(^forfeJ:^ (01 2 

(d) ) . 

20 [0 075]^C, l/^hv^^8a4B^p^ + 

y 7 4\ WA«Jnil«E3 0 k evr 

lxi0 ls cm' 2 >ft>ttAl, n^t^MOSFE 
T«ecSHWl««l 0 btJBrtr *. COifiN + 
*;l/MO S F E T<Z>y- F»S*K:fe_bK-( :*>jM&A 
3nS (013 (e) ) . 

[oo76];x^ LP-cvDS4fflc^tv F 

«S©iIllttt:jP3 1 0 nmSS<DVy n>B{bR^6tc 
SffliJi^fi^Ml 2**J5tr* (01 3 (f ) ) 0 
30 [0 07 7] ^CCC, UWF7^^8b*fflW. 

+ *Jl>MOSFET««*'?*# , r*. {RAW 
*>9£#R#MIl 0 keVt5x l 0 ls cm'Wt 
>*£AU p^ + *;l/MOSFETffJtcffilWB««l 1 
ae^-r-Sc C<Dt%, p^t^MOSFETOy 
-F«S*CCfeaiSR^*>3S*aA3*l4 (01 3 

(ff ) ) . 

[0 07 8]#CCC % l/^h7X^8b4iSl/cg, 
U^h7X^8 c^tpf t^^MOSFETi 

«tvx^«. «ir»r, aau*>Xtty w*>7 

40 * k WAttft«flfflE3 0 k eVC5x 1 0 1S cm- 2 ^* 
>ffiAL, n^ + *Jl/MOSFETflBCca;|jcJlfiB«l 1 
biflaStTS. C(D<b^, nft*^MOSFET©y 
-F«S*^fe±E-Y*>^aEA3tiS. us^x 
F ^atjgt L/fca, S«4S*#HM*r 9 5 0 °C, 1 # 
MMAifiib, FSffi5a&C>*5 btOF-^h 

RCX*V-^- FU-f>a;«W*OF-^>FtiStt{t 
3i±So t©£#, FWSiffcBF, 4*>tL 

rflEA3*ifc^9*B, J»«81K:J:or#y-hMffcII 
^CCffifJcTS (013 (h) ) o 

50 [0 07 9] ^C, £ffifc:J?3 2 5 nm(D^^>?il^, 
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i^iaoJftftai^Ti/^ ^^SRSrT^T^eas'y 

n> ($W«ffi) S^U3>SSiSl£S-&, 4 r '- 

s/ytM F*i 3*»J5W*. *o>a, wb* 

^^>^^h7-/KSSl3 &i>*3|!ft!»J»±0*S)£0?- * 

>»»*«*■*■ a tai 4 ( i > > . 

[0 0 8 0] SntBttR*!: lt^wkjp 3 3 0 0 10 
nm©5/y =J>«{tBtl 4*CVDffiCcJ:*)«aLfc 

>**h#-JH 5 4P3PT& (HI 4 ( j ) ) „ 

'[oo8i]^ccc % i/y3>i«**ft**iW*»*o. 

5 %To$WT^/¥S 8 0 0 n mOT^ $ -2 AJR*Jg 

x • FW>t£tOT6c^3ft*K«l 6*018^*. 
*(*>f& 4 5 0"Gri 6#HL *** 1 o %$t*g*» 

mtaxm9m?& (Hi 4 (k) > . 

[ 0 0 8 2 ] H 1 5 (a) — B 1 7 ( i ) **»Jg 20 
J§<D 4 CDKfilg W*m L fcXHKMH r * & . 

[0 0 8 3] WUm^tiL (100), ibfflCU 

-6Qcm0nS^'j3>lf l'&ffif CCDnMi*' 

T&o (HI 5 (a) ) . 

[0 084]^ &HffcfcJ:-pTff3 3^8nm<Dy 
r- HB»« (S/ya>BMfcK) 4*JBflEl/, 3 6Ccy- 30 
F ItJI? 2 0 0 n m<D^*£!l^ V a >* 5 £0 

(HI 5 (b) ) . 

[0 08 5]^{C, U^h7X^8a^t 4 

u a«xwy>-Y*>7*^*>aA"r5 (his 

(c) ) . C<D<b#, «BR«^»y>-Y*>«n^^* 
;l/MOS F E T»JK««©2M6a*> y >J» 5 tccD^ft 
A3*!*. 

[0 086] ^CC % U2^* HR*»*Gfc«, 
CCBF, •Y^->6€r, Wt«3 OkeVt x 40 

1 0 lf cnrW *>&ATS. s*#Ha*«c 

fc^T, Witt* 8 5 0'Cr3 0#Pt$»MS&?T 5„ CCD 
<t* % ^tta^y=J>J»5*CCBF» * LT&A 

*ffoT4J:l» (116(d)), 
[0 08 7] Xtc, U^^Xi'Sb^fflWn^t 
*JUMOSFET«iS*v^^-rS. Jttl^T, flB*-f* 50 
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>9*W*tfftlSWEEl 0keVt3 x 1 O^cnrW 
*>ttAT & (HI 6 (e) ) . 
[008 8 ]^, F8 ct?y- hSP^rvX^ 

U SJSt4^^>^^^>^ffi^J:0^$g B a a ^y 

(HI 6 (f ) ) . 

[0 08 9 ] ^Ctc. h WSOffliJgCCJSS lOnmg 

a<D^y3>»Mfr6tt*flij«i6i»iii 2*»jsatr4 

iifefcv p ^ + *il/Mn ^ t ^;l/MO S F E T©^ 
Jh*tt©v-* • FU-r>St»»l 0 a, llaRCM 
0b % 11 biJt&ST* (HI 7 (fir) ) o 
[0 090] JIRNgtURl: LT^ffifc:/?;* 300 

n m <D *s y 3 > 8Mb H 1 4 * C V D & J: 0 Jgfi L It 

f& a*ttF^^x^^>ycCck0vy3>B{{tlK«:3 

>**F*-;H 5^r|§p-r^ (817(h)). 

[oo9i]^ 4 5/»j3>ii*ftifnmtfo. 

*C0«. 4 5 0 °C~C 1 5#HL #3R* 1 0 %^if^PI# 

msircm&mm (h i 7 ( i > > . 

[0092] 018 ( a ) HS 2 0 ( j ) tt. 
JUcDm 5 ODSigXg 09 £^ U tc Igffi cBH r * £ . 

[0093] *-«\ Wiltfffifrtt (100), tbffiSU 
-6QcmC0nSa^y3>fflRl*ffl*l/, C<Dn§5h> 
y a >««(DSifflcca«©aiR»f bffite J: o "t « 3 0 . 

6 m mn$.<Dmi-ftmmm 2 s^aE-r s . »c > r , p 

IF^o F*jB^a^*Jl/^---caiRW«:-r*>ffiA 
« (B18 (a)). 

[0 0 94] ^tc, J»BMbCCJ:^rJW3 3 — 8nm<Dy 

-umiw (^ y3>wt«) 4t»«i, ^6tcy- 

hm@iUT/l$2 0 Onm©3M6fi5/y n>JB5*» 
fiX-T^ (HI 8 (b ) ) . 

[0 09 5] U^F7^i;8a^t k p^ 

1> *;I/MO S F E TZj&f&L <fc 5 i^T SM^*^^ ^ 

u asx(iy>^t>7^^^>aAi*^* cco<b 

iiX^ , J>^t>7«nf t^^MOSFET^ 

iaE««©^jfta^y3>K5cc<c)*aA3n4 (his 

(C) ) o 

[0 09 6] ^tC, U^X hv*££|&£UA:f&, 
^ F £ 8 b */B<,>T n ^ + *JbMO S F E T»flt« 
J$£v;*£U ^WClf ^t>9^«3xi0 ,s 
cm-^t>ttA1*S (H l 8 (d) ) . 

[0 09 7] #«C % JSJ£tt^*>3:f ^>^Sfet?*JBa 
vy3>JR*i9?->^L, n^^^;URO sr p^ + *^ 
MOSFETM^fiCDy- hm©5 aS^'5 b *JBfiW 

ET«i«CD*^^^L, Bt3RXtty>^*>74-/*> 
ttAL/T, niOV-^ • F U -Y >jtt«« l 0 b *JgflE 
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T£. C(Dtt, nft*^M0SFETS«O^F 
(e) ) . 

[0 09 8 ] U^hvX^^iSim :£® 

CtBF, -Y*>6£, m«3 0keVTK-X15x 

io i4 cm- 2 ^t>ttA*r^ *<d»* £3R#b»#k 
*si»rwiit«8 5 o'er 3 oftmmxm*'i7 5. cot 

as^*sa^y 3>*©f-^> F&tfv-* * fiw 

lfcttTor«>J:ir» (019(f)). 

[0 099] #Cfc, FflfflOMStCiPS 1 0 n m 

4. p^tUMOSFETWU^Fv 
X^8d?:Ml, n?t*^MOSFET0V^- 

FW>ffitWBl 1 b*»*XfcP; W*>7©^*> 
aArjaaWi (819(g)). ' 

[OlOOl&CC, n^tWMOS FET«JgttcU^ 
X V 7X^8 e*Jf£/SU t*^MOSFET©V 
-X • FU-f>t£tWB 1 1 a £H13U:*> 9 
AtMt^ (02 0 (h) ) . 

[0101] ;XCC, j||Bi&MtH£ LX±W$cm$ 300 
n m y n >BKfcjR U^CV Dffifc J; 0 itffi Lfc 

>*^F*-JH StBPfft (02 0 (i) ) . 

[oio2]^cc; '>y3>iiRn^m«o. 

5 S 8 0 0 n m(DT)^ 5 -«J AR*JB 

X- FU-/>lttWBCca»snSiBHl 6*Jf5flE-r*. 

4 5 0 °Cr 1 5#fifl* 1 0 %^tS^Mn 

ia«i-r^ (H2o ( j > ) . 

[0 10 3] fcfc, JEt±BMBLfc*l-*5CE«J6xe 
WCtt, n?- + *Jl/MOSF'ET©y-F«S«:Wpa 

( y >xtewm ) <d«s# p a^#e»<D«K j: b t is < 
a * j: 5 tc n m^*$^cd >r * > a a* * msr n « j: 

[0 1 0 4] 02 1 (a) -02 2 (h) 

[0105] *-*\ WLtfffi&ffi (100), J±J6SU 
-6Qcm©n^>'j3>aiimfL, tcE>nSh> 

6Mmgg(D^i^BtSfe^Jg2*^-r^ e JKl^T, p 

S F F *W»ttx* Jl/=F-rMlWtc ^ * A 
TS (02 1(a)). 

[0 106]^{C, J»M{tCCJ:-3r/S3 3-8nm©^ 
-F»W (^y3>BHt») 4*»SU 3 6tW- 
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hmSil/r/l$2 0 0nm<Z)^ B B ^>y3>I5^ 

srrs. c<D^fl^ya>«5*«:tt, nsiie^ 

te»iLTy>X»*ill:3IW**tiri>4. Chit 
y 3 >»5 y >Xtt«**£A,ft:ffc£& 

^*SBJnT*Citc«fcr>rff ^> 
(SiH 4 ) (C*X7^>^ (PH, ) *l»B7 

;U^>#* (AsH 3 ) *fi£3-t2\ MUc5/'j3> 

afi«cttiftrii«i:c*. s/c v ^«»s/y3>fli**jis 
ufcaKy>Xtt«**»JirriJ:5«:brt>j:^. m 
io ak, insas/ys^iitiHiofcacc^+MB^by > 
(poci 3 ) y>*jfitkSti:4*ffi-*> t -f* 

tt«r«l»ti«J:t* (0 2 1 (b) ) . 
[0107] F ^ (0^-tf-T) 

T\ p^^*;bMOSFET*JBJ5SLcfc5i-r*««0 
FSKRtfn ?t^MOSFET*ML<fc^t 

ft*^MOSFET««©y- Fm@5 a'*'JBJ5tT 

20 ;>ctc. ^xhvx^iisum b f 2 

6*Wt«JinS«BE3 0 keVt5x l O^cm-'^ 
>&AU p^t^MOSF E TffiltCl£»Jl«ia 1 0 
a*JBJffir*. C<D<b^ v p^t^MOSFEW 
^>'j3>l5a^tBF, -f*>**SEA3*l« 
(02 1(c)). 

[0 108]*«C, Ui^ hvx^8 a£fl§t>-C. 
t^WO S F E TSJgflEUfc 5 FSP 
& P * * * ^ M O S F E T * %m L <fc 5 <b f & ffiitf © 

30 {cJ:t)3HSfl^y3>JR*j:y^>^Lr. n^^^;b 
MOSFETM^C7)y-Fmg5 b 
X. ffl*^:*>Xtty Wtf>7*. W*Kftfi*«EE3 
0keVtlxi0 ls cm-^t>aAl, n^^*^ 
MO S F E TflBCCl£l(W«« 1 0 b *JgJ6R-r 4. (0 2 
1(d)). 

[0109]^ LP-CVDS^-C, y-Fm 
S5 aRCK5 bCDMSCC, US 1 0 n mISOS/ »J a > 

muifr 6 tt ^ ©M^^jg i 2 ^m^t ^ o c oHitt 

J^M«, ^J^«^MJcil3 1 0 n m©->y 3>a^fcH«r 
40 CVDffiCCj:0i|»L&a, »*ttF5-fi^>yt 

ffl^tn^t *Jl/MOSFET««*v^*U HSU 
^>9^F!l^tfJ!JPii^lE2 Oke V"C3x l 0 15 cm" 2 

^*>&AU piOV-^ • FU-f>Jt|Wil la* 
MOSt ho CC0<b^, pft*MOSFET««0* 
tt*^y3>«5a*Kfea*-f*>3WaA3*l*. C 

CD^>£AXfrctf:, ±3ib/cBF 2 ©>ft>aAI 

50 2 2 (e)). 
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[0 110]^C, p^t^MOSFETi^U^ 

#|x.tf5 0keV"C3xi 0 1J cm"W t>SAt, n 
SJCDV-X • FlW>l£{&Jil 1 b COt 

b^cfc±!2-/:*>#&A3ft£o U>>X h^X^Bfc 
SS4M*#Hm*"C 9 5 0 °C, 1 aiHM!l& 
SO, h««*©F~'*> hSO'v-^ • FlW 

>ffit»B+©F-^>h*fflStt<tS-tt*. CCDi#, 4 
^HiSaMSb^tCBF, -Y LT&A3 10 

Urr* (02 2 (f ) ) . 

[oiin jridnuhr* t/c^ntcws 300 

n m<DU V zi >m<tm 1 4 £ C V D&KJ; 0 «S Ofc 
fft. S#ttF^:t**>ycc<fc0^y:3>»fcMK::a 

h*-;i/ 1 5 02 2 <*> > . 

[0 1 12]*«:, s/»jn>iiH**ti*tiWAtfO. 
5%*T^^tf 8 0 0 nm<OrJl/5^.^AlR*Jg 

x- FU-f>St»»«:S!«sn5iB»l 6*iB0ET*. 20 
4 5 0 "CT 1 5#IH, *** 1 0 %^ts^M^ 

mi&vttwmrz 022 (h) > . 

[0 113] «_b»?8bfe»6©«JSXS«'Ctt. 

5IBR) <D«K#* p S^*fi«5<Di£fi<fc 0 & ft < ft 6 J: 5 tc 

^t^MOSFETOy- hlitClinMWfiS (U 
>Xtttt*> fcd*Sti*C p STOCK 

(BI3R) ©iK3&SnSa^»0«ftJ:9feW<tt4«fc9 30 

[0114] a*, «w*«irtt, y- h^Si u 
u - tf - -crstfrf b u tcmmim^ xmf& s tifcBtf b 

[0 115] JSLL *»WOH»S»JB*lftML)fe^ * 
[0 116] 

««CC J: 0 £ < <0'M3 y>73K£23AT& C 4 
BOJ§S»««i»tta>rPl±^>^ F UX§tem^£J$W£fecD 
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[0117] £/c v ^j^cjzntf, h secede 
>ft>ttA^, ^*y>73R{b£»*#»Lfc 

[0 i ] i <Dm.w$mc%z>M ish7>^ 

x * <ommn$L o fcia . 

[02 ] #2KE<DJfr 1 ©gaBfc»fc«-SM ISF5>^ 

[0 3 ] ^mnom i ©nie^»«:ffi4M ish7>^ 

x # (DfH 2 ©«JS*ffi«l«: oc 4 r ?s 1/ fcXglNffiS. 

[04 ] #f£9H<DJfl 1 ©S9BB»lC«5M I S h ^>i> 

[05] *«9i©»2©Sat»»"CC«4M I S bzryi> 

[06] *«98©»2.0*J6JK»{C«4M I S 

[07] *»9i©»2(0SaBK«fc«4M I Sh7>^ 

[08] *«9li<3!)»2©SQ6JK*«c«5M I S F^>^ 

[09] *«!8<D»2©SB6»«Cc«4MI Sh7>^ 
X £ CD??! 2 OSS > r ^ L tcTMWim 0o 

[010] *»w©»2<Dg6W?B«ec«sMi s 

[011] *»9i<Z>»2<DlUISJg««:«*MI Sh7> 

[012] *»9!(3C>»2CD3aBI5JIICC«SMI Sh7> 
i^X Z <om 3 ©SiS^^Jtco l > r L/cXfi»rffi0o 
[013] **9!©»2©||JI0PJBK:«SM I S h7> 

[014] **I8©»2CE)SB»JB««:«4MI Sh7> 
dfCDm 3 <D$Sig^^!(tcoc^r^ L/fcXSKffi0o 
[015] *»9JCD»2©S6»JBJB«:«SMI Sh7> 
i^X $ (Dm 4 CDfHiiL^ffiWcoi > xm L fcXgKI0 o 
[016] *«9i©»2©HjSJBJ8{c«SM ISh7> 

[017] *»93(D»2©ie»JI5J!lCC«5M I S h7> 
X * (0* 4 (DKit^^H CC o I i T 5* b fcXg»rM0o 
[018] *»9i<D»2©l8»JBJ»CC»SM I S hr?> 
i>X 5 <D«S#ffiWKOl>T^ L/cXg»f®0o 

[019] **MO»20*»JB««c«4M ISh7> 

i>x ^cd^ 5 <D«a*ffi««:oi>r^ l/clSKffiio 

[02 0] *«93<D»2<i!)S8»JB»CC«SM I S h^> 

^x * <d^ 5 ©«jg*ffi«K:oi > r ^ u /cXIWe 

[02 1] **98©»2©IB»JBJI8CC«4M ISh7> 
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[02 2] *§m<DW2<Of®ffim,t%Z>M I S 
1,51 

2, 5 2 -JR-T^S** 3 

4, 5 3-y- vm 

5 a, 5 b, 5 4-y-h*« 
6-BF, 
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* 7-5IBRXBy >^*> 
8 a~8 e — h7X^ 

10a, 10b, 11a, lib, 5 5-iMWB(V- 
X • KIW>««) 
1 2 -fflfittttSt 
1 3-S/ytM FR 
1 4, 5 7-fllRilfittR 
1 5—^>^^ 
10 16,58 — EM 
* 5 6, 5 6 a-5 6f-7^MttfJ®iS 
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